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Abstract  
Teaching in a virtual environment has been a natural progression of advancements in information 
and communication technologies. The current issues with virtual teaching models appear to be 
related with the effective simulation of course content, some teaching materials are easier to be 
visualised in a simulation than others. For example, nursing through the life span is a module 
which was introduced in the nursing syllabus at Wintec (Waikato Institute of Technology) in 2009. 
The module explores the learnt experiences and the impact of ill health on a patient’s family and 
their development. The theoretical contents of the module make it difficult to teach in a virtual 
environment. However, using a unified health informatics system and advanced statistical and 
probability modelling, human behaviour can be explored and modelled. The results can then be 
integrated with the available technology into an appropriate virtual classroom. In this paper, the 
application of health informatics together with virtual classroom technology is conceptualised as 
an aid for teaching human behaviour.  
 
1. Introduction 
Simulation is rapidly becoming a standard alternative for student placements where industry training places are too few 
and do not meet demand. Often due to a shortage of placements, e.g. in nursing, placements are simulated in the 
classroom whereby a clinical setting is recreated for students to act out. More recently technology has been used to 
simulate some clinical settings and there is software that can perform such a task (e.g. http://secondlife.com/). Current 
simulation techniques, both physical and computer-based, are not suitable for non-clinical settings where human 
behaviour is the central driving force e.g. the relationship between health outcomes and life decisions. Exploring the 
developmental paths of people and the effects their developmental journey has on health is not solely reliant on a 
universal body of knowledge about human development. Who we are and what we want to become changes as we age 
and may move in a different direction due to illness, cultural expectations, social constraints or disability. As the ageing 
population continues to increase, demographic changes, and the ethnic make-up of the New Zealand population 
continues to rise, a life-span perspective should no longer be thought of as a universal ‘one glove fits all’ concept; 
rather, a life-span perspective should now be thought of as life-long, multidimensional, multidirectional, 
multidisciplinary and contextual [1]. It has long been argued that the education system must embrace these temporal 
dependencies and integrate them into the teaching and learning process e.g. [2]. There are computer simulation software 
for training purposes that claim to be cultural sensitive [3]. However, contextualising the dynamics of human behaviour 
within the educational process is not without its challenges. 
In this paper, we propose the design of a teaching/learning delivery model that utilises health informatics and the 
available technology. This model is illustrated in the context of teaching a nursing module designed to help students 
understand the lived experience of health across the lifespan. The proposed model is not intended to reinvent the wheel, 
i.e. redefining simulation and/or games in an educational setting. The model acknowledges the work in this area is 
ongoing [4, 5] and that technologies are available to develop complex computer simulation models. However, quality 
and appropriate information must inform the model development process in order to recreate a virtual user interactive 
environment. 
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2. Background  
Information is considered the currency in any industry/business none more so than in the health care sector. Efficient 
health information retrieval systems are dependent on the processes for data collection, storage, access to and analysis 
of data. The utilisation of computer and communication technologies in the process of generating and managing health 
information as a currency is commonly known as health informatics. Informatics may be viewed as the application of 
information technology (IT) in storing and communicating data with particular reference to the clinical setting. The 
current definition of informatics reflects the contribution of computer technology in the context of information as the 
main currency in the health service. In this context the focus of software development has been to support new devices 
and hardware to perform specific tasks, e.g. intelligent pens, robotics and interfaces for between device communication 
such as between a computer, a camera and a human. The advantages of health informatics are reported to range from 
timely and improved care to reduction in error [6, 7]. On the other hand, Currell and Urquhart [8] suggest that there is 
little evidence that computer technology improves health care delivery.  
The underlying force driving informatics is to enable the sharing of information, whether through the application of 
super fast broadband to share large datasets e.g. medical imaging, or mobile technology where patients share data with a 
nurse/doctor through a secure internet page, or, through various evidence-based practice databases. However, there are 
two main issues to consider: first, when does data become information, and second, the sharing of information across a 
variety of disciplines within the health sector as well as between the health sector and other sectors e.g. social, 
economic and education. Health data is still fragmented and does not lend itself to be shared in a fast and efficient way 
[9]. More importantly, a fragmented data system does not inform our understanding of the process of disease 
development. Perhaps through education and training, which has its philosophy based on knowledge transfer, the 
importance of sharing nursing informatics is better understood. The point is that technology is advanced enough to 
interface datasets across the various care sectors, however, the question is whether the sectors are ready to share the 
data?  
Clearly, the advantages of linking together information systems across the health and social sector are guided by the 
philosophy behind the creation of informatics systems. Over and above the benefits for health care provision, an 
integrated informatics system can play an important role in education and training. It can inform the process of the 
teaching delivery of a course. In particular, courses that require students to study the dynamic nature of health and 
wellness across the lifespan in relation to the social, environmental, political, economic and cultural contexts of 
Aotearoa New Zealand. In order to explore and understand the dynamics of health, students must come to grips with a 
range of historical and contemporary theoretical perspectives about health and human behaviour. Therefore, a relevant 
issue to information is its delivery to students and users. 
The development of ICT, the internet and advancements in modem technology has revolutionised teaching and learning. 
Information and communication technology has provided the flexibility needed in the delivery of teaching in virtual 
classrooms. The development of virtual classrooms appears to be a natural progression from internet-based distance and 
online courses. In most cases, the internet has merely removed the physical barriers, e.g. students can now access 
teaching materials at any time. Assuming that internet access and with the availability of mobile technology, learning 
may be done from anywhere in the world.  
The flipside of the coin is whether improved access to teaching modes necessarily leads to improved learning outcomes. 
For example, Hiltz [10] reported no significant difference between the traditional and computer based mode of teaching 
delivery. While, Cassidy [11, 12] reported that ICT had become part of the teaching syllabus as opposed to been utilised 
as an aid to deliver teaching. Nevertheless, distance learning and alternative teaching delivery modes using ICT (e.g. 
internet-based and online courses) has become an integral part of education systems. The effectiveness of such courses 
is subject to continuous research. For example, students’ satisfaction of online courses appears to be mixed, e.g. Rovai 
[13] reported a negative rating for online courses. On the other hand student satisfaction is likely to be associated with 
the perceived flexibility in software and tutor/instructor to create an interactive environment [14]. These characteristics 
are not too dissimilar from those associated with the traditional classroom environment. It is not surprising that distance 
learning has been transformed into virtual classrooms and at the same time into new business ventures [15]. These new 
trends are based on the premise that technology can motivate students and help them to visualise course material better 
e.g. [11, 12, 16]. Nevertheless, regardless of the reported inconsistencies, the technology has led to more options in 
teaching modes that suit users with different learning styles and criteria.  
The use of ICT and multimedia tools to present teaching materials to demonstrate and explain theoretical concepts are 
widespread e.g. video streaming for online lectures or using computer graphic interfaces (CGIs). Using dynamic graphs 
e.g. to illustrate patterns as parameters are changed, or, videos may provide some flexibility and help students in 
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visualising the theory. Over recent decades, ICT has been used to provide a multiplicity of teaching methods to suit the 
needs of different learning styles. For example, animated resources for teaching and learning statistical concepts may be 
found online e.g. http://www.causeweb.org/resources/. There is even the online Journal of Visualized Experiments, or 
JoVE (www.jove.com), which is a video journal for biological, medical, chemical and physical research indexed in 
PubMed. 
Technology may not be so easily deployed for all courses and all classroom settings to enhance the teaching and 
learning process. Whilst, virtual classrooms use computers to animate difficult aspects of a course possibly in 3D, 
nevertheless, these virtual environments are basically simulating classroom settings. For example, a more sophisticated 
virtual teaching environment can take medical students into virtual hospitals, operating theatres as well as enabling 
students to learn the mechanics of the human body [17, 18]. Problems and issues arise when the technology is applied to 
modelling human development and human behaviour.  
 
3. Setting and Issues 
In nursing education, nursing through the lifespan is an attempt to integrate temporal dependencies in human behaviour 
into nursing education and subsequently nursing care. For students to understand the dynamic nature of health and 
wellness experiences across the lifespan, the design and implementation of Nursing through the Lifespan has been 
based on an exploration of the following: 
• Examine the social, environmental, political, economic and cultural constructions of health within the contexts of 
Aotearoa New Zealand.  
• Explore the lived experience of health across the lifespan 
• Examine a range of historical and contemporary theoretical models and methods for studying health and human 
development  
Nursing through the life span aims to offer not only scientific foundations, but also to provide applied examples of 
concepts to give students a sense of personal meaning. Students are introduced to themes and issues that nurses consider 
when exploring life-span development. For this to occur the activities are designed to implement the learning domains: 
affective (attitudes), psychomotor (feelings) and cognitive (knowledge) [19]. Assessments are based on student 
knowledge, comprehension, application, analysis, synthesis and evaluation. What is pertinent in the planning of such 
activities is that instructional requirements are clear and easily understood by the learner [20].  
The delivery of the module has been in the traditional classroom environment utilising multimedia technology. First, 
students familiarise themselves with the life-span perspective, then the module explores processes and life events that 
characterise human development. Finally the module examines primary issues that may impact on human development. 
To facilitate self-directed learning activity, a key characteristic of the module, families and family environment were 
simulated in the classroom. The simulated family environment was designed to encourage students in learning activities 
that would enable them to engage in focused learning behaviour and internalise information. The module was delivered 
along the following lines: 
• Face to face lectures twice weekly 
• Online presentations  
• Face to face tutorials 
• CD-Rom for students 
• Literature reviews 
Designing the activities took time and resources and it was important that the outcomes not only met criteria but 
captured the interest of the students. Provided with content guidelines for each of the characters, students describe the 
developmental stage albeit, the physical, cognitive or socio-emotional stage of the character. On completion of the 
module student feedback reported the following: (i) the use of literature to support the simulated family member is clear 
and feedback of the criteria should be reflective, (ii) construction of (simulated) family and family members assisted me 
in imagining the different stages of development, (iii) human developmental stages are/should be manageable, (iv) 
simulated family members must be realistic, interactive and manageable. Implementation of the concept of (simulated) 
family members in the module provided a conceptual framework that encourages students to explore the world of 
knowledge and to consider the possibilities that may be available to them. In addition the concept facilitates the 
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diversity and opportunity for students to explore, understand and appreciate the dynamic nature of health and wellness 
experiences across the lifespan. 
 
4. Model Conceptualisation: Virtual Families 
The module requires students to visualise the different aspects of lived experiences (temporal dependencies) that may 
influence individuals’ choices and health outcomes. There are many challenging issues associated with such a learning 
process. First, there is a strong probability of biased learning: students may associate personal experiences and 
exposures to life events and making generalisations about the population. Second, learning may be based on the 
assumptions of other students. Third, it is not an easy task to visualise lived experiences along a continuum time line 
with possible consequences. Fourth, it is even more difficult to visualise the effect on health outcomes if some 
parameters in the lived experience are changed. These challenges will have a bearing on understanding ‘lived 
experiences’ (i) in relation to the pass rate, (ii) in relation to its application in nursing care, or, both (i) and (ii). 
Student feedback indicates that simulating family environment incorporates human development from birth to death/or 
old age and assists students in imagining the different stages of development. As described in the previous section, the 
student feedback suggests the usefulness of integrating temporal dependencies into nursing. They also raise issues 
relevant to the teaching delivery of the module. Although, simulating a family environment was positively regarded, 
students’ using the term “manageability” of human development in their comments suggests that the students may not 
have fully understood family parameters. Furthermore, the feedback suggests that there is an expectation that the 
simulation should be realistic and interactive. Clearly, the students’ expectations and attitudes and the variation in their 
rate of getting to grips with family dynamics provided interesting teaching and learning challenges for the delivery of 
this module. 
A major problem arises. Although simulating a family environment was helpful for students to visualise life experience, 
the ‘lived experiences’ were likely to be taught as opposed to acquired through learning. The simulated families’ life 
outcomes in this module would be biased towards the teachers’ and students’ own experience and exposure to life 
events. The introduction of simulated family environment into this module was due to the impracticality of allocating a 
real family to each student for observation. This problem is not unique to this setting and is relevant to simulating 
human behaviour such as intercultural games which may lead to stereotyping and cultural conflict. Fowler [3] suggests 
a combination of high-tech (online simulation) and low-tech (in person simulation) as a possible solution until users 
become familiar and comfortable with the simulation. However, this solution does not address the issues relevant to 
cultural stereotyping and bias, it only allows a transition period for users to become comfortable with using the 
simulation game.  
The idea in the low-tech simulation that families are imaginary will, at least in theory, help to overcome this problem by 
assigning realistic family traits and characteristics to them. The way to achieve this is by removing the student’s and 
teacher’s influence when constructing family environments. Individual and family characteristics influence behavioural 
outcomes in given social and environmental settings. These outcomes may differ between individuals within the same 
family as well as under different social and environmental settings. It is therefore plausible to characterise individuals’ 
and families’ health related behaviour and outcomes within a probability modelling framework based on available 
evidence. In other words, we propose the conceptualisation and development of a virtual simulation model to construct 
computer simulated families. These will be referred to as virtual families. Avatars will take the characteristics of virtual 
family members. Their decision making behaviour will be simulated based on a probability model according to their 
characteristics. Therefore, the avatars will behave independently of tutors and expected scenarios. In this way students 
will have to utilise the lessons from the modules as well as their own personal and professional experience to interact 
with the virtual families as though in real life. Access to health and social informatics is essential in order to model 
human behaviour which requires the application of Information and communication technology (ICT) and informatics.  
A number of applications, such as statistical modelling, informatics, and animation, have benefitted from advancements 
in computer processing power and speed, increased storage capacity and computer graphics. As shown in Figure 1 a 
model is proposed which combines health/nursing informatics with statistical modelling and artificial intelligence and 
gaming technology to create virtual people. How each virtual character behaves will be probabilistic and based on the 
statistical modelling results e.g. see [21-27]. Virtual families will be created from the virtual characters. Being part of a 
family will influence the virtual individual’s probabilistic model of behaviour. 
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Figure 1 - Illustration of the development of the Virtual Families Game 
 
5. Developmental Issues 
Applications in subject areas such as physical sciences are easier to simulate because these subjects are well understood 
and parameters can be estimated with high degree of certainty. For example, it would be relatively simple to develop 
digitised resources to teach chemical reactions, or, the mechanics of movement and other bodily functions, or, statistical 
concepts that are based on well-defined distributions (e.g. the normal distribution). In contrast, human reaction to life 
events (e.g. illness) cannot be realistically simulated e.g. individuals with similar characteristics may have different 
decision outcomes. Teachers of such courses rely on the student’s imagination which is influenced by their assumptions 
and experiences. The downside is that learning may become biased or lead to stereotyping as students may identify with 
and relate to their own lived experiences. In other words, the main aim of the learning process is in understanding the 
variability and dynamics of health and human behaviour which may not be achieved. Therefore, as described in the 
background, the needs of tutors teaching nursing through the life span and students taking it are somewhat different. 
Research-based theories of human development and behaviour must be incorporated in the simulation in order to enable 
students to visualise the relationship between human behaviour and health outcomes, see Figure 1 & 2.  
As shown in Figure 2, individual member’s characteristics will be based on a probability model derived from the 
process illustrated in Figure 1. The individual’s decision outcome or the effects of a life event such as ill health and its 
effect on an individual member and his/her family over time will be probabilistic and governed by individual’s 
characteristics. This is a very complex task which will involve the cooperation of a multidisciplinary team. The main 
issues are access to appropriate information and appropriate technology. The challenges with both issues are their 
effective deployment. Health, socio-economic and life event data systems are fragmented and do not communicate with 
each other. It may be relatively easy to overcome technological issues. Technological challenges are assumed to be 
related to software development. These challenges may be met through the utilisation of software technology including 
internet and gaming technologies. Gaming software technology has already been utilised in developmental and 
commercial games to simulate behaviour (e.g. see [3]). There are many semi-behavioural computer games 
commercially available, such as empire building, hospital building, and (rearing and breeding) pet games. Although, 
computer games are limited in application for educational purposes because they are either scenario-based or user-
controlled, the applicability of gaming software technology cannot be ignored. It is proposed to deploy gaming software 
technology to develop the virtual families conceptual model.  
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Figure 2 - Development of the Virtual Families Game 
 
Using gaming software, various stages of life such as getting old (with or without health problems), various stages of 
ill-health to recovery, or dynamics of disease development can be animated using ICT. For this module we propose to 
create a virtual family whose temporal dependencies are governed not only by the family but also by the environment 
the virtual family is located in e.g. see [28]. As mentioned earlier, appropriate probabilistic modelling will inform the 
development of the virtual characters and their reaction to virtual scenarios. Figure 2 illustrates the basic idea behind the 
development of virtual families. In the initial stages, current knowledge about change over time, e.g. ageing, frailty, 
illness and their effects on family behaviour, will inform the behaviour of the virtual characters. As the unified database 
becomes populated, see Figure 1, it will lead to more life event histories which will in turn increase the precision of 
statistical models and will inform the development of family behavioural outcomes.  
Virtual Families Game (VFG) is currently being designed and developed in-house at Wintec (Waikato Institute of 
Technology) see Figure 1 & 2. The idea is that students will use virtual families to create a virtual family and observe 
and interact. The characters and how they may develop in the virtual family will initially be based on simple scenarios. 
These scenarios will be theory-based applications utilising probability theory and life and social events to generate the 
expected table of health outcomes. In other words, the characters in the virtual families will grow and respond to life 
and social events and interact with each other and with the end user (student nurses). Students will be presented with a 
scenario and will be asked to develop their virtual families based on their understanding of the tutorials. However, 
virtual families will not be bound by the student’s scenarios so that they can behave according to an appropriate 
probability model. In this way the student-virtual families’ interaction will be as realistic as possible because the virtual 
family members will behave according to their model and not an expected scenario. The Virtual Families Game will 
enable students to visualise the impact on individual and family behaviour if a parameter is changed e.g. due to an ill-
health. The implications of an understanding of the intricacies of family relationships and human behaviour may help 
towards developing a more appropriate care plan [29]. For example, a common assumption is that the presence of child 
disability leads to income poverty. Recent research using longitudinal data suggests that, on average, there is no direct 
association between the presence of child disability in the family and poverty [21, 26]. The Virtual Families Game 
(VFG) will empower students to discuss the effects of dependencies in human behaviour outcomes and to articulate the 
possibility of counter intuitive outcomes with their tutors.  
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6. Concluding Comments 
Health/nursing informatics can no longer be viewed as health data stored on magnetic media and retrieved for 
administrative purposes. Utilising technological advancements, the data can be complemented with data from other 
sources to generate information. As shown in Figure 1, health informatics can provide an excellent opportunity to 
develop applications for teaching and learning as well as assisting and informing the process of research and 
development. The proposed conceptual model in this paper will potentially expand opportunities in understanding 
‘health’ and health care development, as well as in education and training. We believe that ICT has the capacity to 
operationalise the conceptual model presented in this paper. Clearly, future research and development will need to 
consider ethical and practical issues relevant to the interdisciplinary and multidisciplinary sharing of data. The virtual 
families game will have other applications beyond the classroom. For example, it can be used for policy development 
and policy analysis in the health and social care provision for the elderly, primary care and health promotion 
programmes, and family wellbeing and welfare.  
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